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Chronic obstructive pulmonary disease (COPD) management continues to seek therapies that effectively reduce 

inflammation and improve lung function without introducing intolerable side effects. Phosphodiesterase (PDE) 

inhibitors, a class of drugs that modulate intracellular cyclic nucleotide pathways, have long been a focus for 

their anti-inflammatory and bronchodilatory properties. But the clinical utility of these agents, particularly the 

newer iterations, remains a balancing act between efficacy and patient tolerability, a challenge highlighted in a 

recent review.1

K E Y  TA K E AWAY S

º The Pivot: While PDE4 inhibitors are established in COPD, the potential for PDE3 inhibition is emerging, 

but with significant cardiovascular safety concerns.

º The Data: Chronic PDE3 inhibition may increase cardiovascular risks, contrasting with the nausea 

commonly associated with PDE4 inhibitors.1

º The Action: Clinicians considering PDE inhibitors for COPD must weigh the specific PDE subtype's 

adverse effect profile against potential benefits, especially for patients with comorbidities.

Chronic obstructive pulmonary disease represents a significant global health burden, driven by persistent respiratory 

symptoms and progressive airflow limitation. Current pharmacological strategies aim to reduce exacerbation frequency, 

improve exercise tolerance, and enhance quality of life. Despite advances, a substantial unmet need persists for therapies 

that offer superior efficacy and a more favorable safety profile. The phosphodiesterase enzyme family, comprising 11 

distinct isoforms, regulates intracellular cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate 

(cGMP) levels, key secondary messengers involved in diverse cellular processes including inflammation, smooth muscle 

relaxation, and immune responses.1

A comprehensive narrative review, published in Medicine (Baltimore) in 2026 by Alnazari, Bakhsh, and Abdullah, 

synthesized existing knowledge on the biological implications and therapeutic potential of PDE inhibitors.1 The authors 

conducted a broad search across PubMed, ClinicalTrials.gov, and regulatory reports, focusing on pharmacological 

properties, therapeutic relevance, and safety profiles. This review aimed to provide a consolidated perspective on the 

evolving market of PDE inhibition, evaluating evidence across various disease domains, including COPD. The scope 

extended to both dual-substrate PDEs (PDE1, PDE2, PDE3, PDE10, PDE11) and non-dual-substrate PDEs (PDE4, 

PDE5, PDE6, PDE7, PDE8, PDE9), each with distinct biological roles and therapeutic targets.1

The Dual-Substrate Dilemma: PDE3 and Cardiovascular Risk
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The review highlighted the therapeutic potential of dual-substrate PDEs in several conditions. PDE1 inhibitors, 

for example, show promise in Alzheimer disease, while PDE2 inhibition has implications for anxiety and memory 

enhancement.1 But PDE3 inhibitors, while demonstrating utility in heart failure, carry a significant caveat: chronic 

inhibition may increase cardiovascular risks. This concern is not trivial; it directly impacts the broader applicability of 

PDE3-targeting agents, especially in a patient population like COPD, which frequently presents with cardiovascular 

comorbidities. The precise mechanisms underlying this increased risk require further elucidation, but it remains a 

substantial barrier to widespread adoption.1

PDE3, specifically, hydrolyzes both cAMP and cGMP. Its inhibition leads to increased intracellular levels of these cyclic 

nucleotides, which can exert positive inotropic and vasodilatory effects. While these actions are beneficial in acute heart 

failure settings, long-term modulation of these pathways appears to destabilize cardiovascular homeostasis. The review 

did not quantify the exact increase in risk, but the qualitative statement of 'increased risks' is sufficient to warrant caution 

for clinicians. This contrasts sharply with the relatively well-defined side effect profiles of other PDE inhibitors.1

PDE4 Inhibition: Established Efficacy, Persistent Nausea
In the context of COPD, PDE4 inhibitors are already established. Roflumilast, a selective PDE4 inhibitor, reduces 

inflammation by increasing intracellular cAMP levels in inflammatory cells. This mechanism translates to clinical 

benefits, particularly in patients with severe COPD associated with chronic bronchitis and a history of exacerbations.1 

The review explicitly states that PDE4 inhibitors are 'clinically established' for COPD, alongside asthma and psoriasis. 

This class of drugs has demonstrated efficacy in reducing exacerbation rates and improving lung function in specific 

COPD phenotypes.1

But the clinical utility of PDE4 inhibitors is consistently hampered by adverse effects, most notably nausea. The review 

identifies nausea as a limiting factor for PDE4 inhibitors, a well-known challenge for prescribers. This gastrointestinal 

intolerance often leads to dose reductions or discontinuation, even when the drug provides clear respiratory benefits. The 

balance between anti-inflammatory efficacy and patient tolerability is a constant struggle with these agents. For clinicians 

managing COPD, particularly those with a history of exacerbations, the decision to initiate a PDE4 inhibitor often 

involves a frank discussion about these predictable side effects. The optimisation of triple therapy in COPD, for instance, 

often considers how PDE4 inhibitors fit into a broader regimen, acknowledging their specific role and limitations.

Advances in Selectivity and the Future Pipeline
The review points to advances in structure-activity relationship (SAR) studies, which have produced more selective and 

potent PDE inhibitors. This scientific progress aims to mitigate the off-target effects that contribute to adverse events. 

Improved selectivity could, in theory, allow for the targeting of specific PDE isoforms within particular tissues, thereby 

maximizing therapeutic benefit while minimizing systemic side effects. This is particularly relevant for PDE4 inhibitors, 

where the goal is to maintain anti-inflammatory action in the lungs without inducing gastrointestinal distress.1

Despite these advances, the core challenge remains. Adverse effects, such as nausea with PDE4 inhibitors and 

cardiovascular risks with long-term PDE3 inhibitors, continue to be limiting factors. The review emphasizes that PDE 

inhibitors represent a rapidly evolving therapeutic class with broad clinical applications, but their further development 

requires strategies to minimize these adverse effects, improve selectivity, and better define disease-specific roles. This 

suggests that while the science is moving forward, the clinical translation still faces significant hurdles. Future research, 
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the authors contend, should focus on precision medicine approaches to fully harness their therapeutic potential. This 

implies a need for better patient stratification, perhaps identifying biomarkers that predict response or susceptibility to 

side effects.1

The Catch: Defining Disease-Specific Roles and Patient Selection
The concept of precision medicine for PDE inhibitors in COPD is compelling. Not all patients with COPD respond 

identically to a given therapy, and not all experience the same side effects. Identifying subgroups of patients who are most 

likely to benefit from a specific PDE inhibitor, and least likely to suffer from its adverse effects, would be a significant 

step forward. This could involve genetic profiling, phenotypic characterization, or other advanced diagnostic tools. For 

example, understanding the dual role of IL-33 in COPD inflammation might inform which inflammatory pathways are 

most amenable to PDE modulation in specific patients. 

The review also implicitly highlights the need for a more granular understanding of PDE isoform distribution and 

function within different tissues. While PDE4 is abundant in inflammatory cells relevant to COPD, its presence in the 

gastrointestinal tract contributes to the nausea. Developing inhibitors that are lung-selective, or that have a different 

binding profile to avoid off-target effects, remains a key area of research. This level of specificity is what will ultimately 

unlock the full therapeutic potential of these compounds without compromising patient safety or adherence. Clinicians 

often rely on comprehensive resources like the Oxford Handbook of Respiratory Medicine for concise guidance on 

managing complex conditions like COPD, where such detailed pharmacological nuances are critical.

Limitations and Unanswered Questions
The narrative review format, while excellent for synthesizing broad areas of research, does not provide the statistical rigor 

of a systematic review or meta-analysis. It relies on the authors' interpretation of published studies and clinical trial data, 

which can introduce selection bias. The review also acknowledges that challenges remain, particularly in minimizing 

adverse effects and improving selectivity. It does not offer specific solutions or detailed mechanistic insights into how 

these challenges might be overcome, beyond a general call for precision medicine.1

The paper also lacks specific data on the incidence or severity of adverse events for different PDE inhibitors, instead 

offering qualitative descriptions. While it notes that chronic PDE3 inhibition 'may increase risks,' it does not quantify 

this risk or compare it to the baseline cardiovascular risk in the target population. This omission leaves clinicians without 

concrete numbers to weigh when making prescribing decisions. The review also does not address the potential for 

combination therapies involving PDE inhibitors, which could theoretically allow for lower doses of individual agents, 

thereby reducing side effects while maintaining efficacy. The interaction between PDE inhibitors and other established 

COPD therapies, such as bronchodilators or corticosteroids, also remains largely unexplored within this review's scope.1

The review's forward-looking statements about precision medicine are aspirational. It does not detail specific biomarkers 

or diagnostic approaches that are currently available or under development to guide the use of PDE inhibitors. This 

gap means that while the concept is appealing, its practical implementation is still distant. The question of how to 

integrate these evolving insights into routine clinical practice, especially for European GPs and specialists, remains 

largely unanswered. What specific patient characteristics should prompt consideration of a PDE inhibitor, and which 

should contraindicate its use, beyond the broad strokes of existing guidelines? The review provides a valuable overview 

but leaves many practical clinical questions for future research to address.1
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CLINICAL IMPLICATIONS

The persistent challenge of adverse effects with phosphodiesterase inhibitors means clinicians must continue 

to exercise careful judgment. While PDE4 inhibitors like roflumilast offer clear benefits for specific COPD 

phenotypes, the nausea and gastrointestinal intolerance are not minor inconveniences; they directly impact 

adherence and, consequently, real-world effectiveness. Prescribers need to set realistic expectations with 

patients regarding these side effects.

The emerging data on PDE3 inhibition, particularly the warning about increased cardiovascular risks with 

chronic use, introduces a new layer of complexity. Given the high prevalence of cardiovascular comorbidities 

in COPD patients, any therapy that could exacerbate these risks warrants extreme caution. This suggests that 

PDE3 inhibitors, if they ever gain traction in respiratory medicine, would require rigorous patient selection and 

close cardiovascular monitoring, making them a niche option at best.

For the pharmaceutical industry, the message is clear: selectivity is paramount. Developing PDE inhibitors 

that can achieve therapeutic effects in the lung without systemic off-target activity, particularly in the gut or 

cardiovascular system, is the holy grail. Until then, the current generation of PDE inhibitors will remain valuable 

tools for specific patient groups, but their broader application will be constrained by their tolerability profiles.

Patients, meanwhile, are caught in the middle. They need effective treatments for COPD, but not at the cost of 

debilitating side effects that compromise their quality of life. The promise of precision medicine, while distant, 

offers hope that future iterations of these drugs might be tailored to individual patient profiles, maximizing 

benefit while minimizing harm. Until then, the choice of a PDE inhibitor will continue to be a careful negotiation 

between potential efficacy and known tolerability issues.
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